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1. 

REAL-TIME FAULT DETECTION AND 
CLASSIFICATION SYSTEM IN USE WITH A 
SEMCONDUCTOR FABRICATION PROCESS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to a semiconductor 

fabrication process, and more particularly to a real-time fault 
detection and classification system in use with a semiconduc 
tor fabrication process. 

2. Description of Related Art 
In order to keep competitive manufacturing ability, semi 

conductor manufacturers are decreasing manufacturing cost 
of semiconductor components by 25-30% each year. As 
pointed out by International Technology Roadmap for Semi 
conductors (ITRS), four possible methods for reducing 
manufacturing cost include reducing feature sizes, increasing 
wafer diameter, improving product yield and increasing over 
all equipment effectiveness (OEE). As to current semicon 
ductor technology, increasing wafer diameter and improving 
product yield can at most reduce 3% of the manufacturing 
cost, and decreasing feature sizes can reduce about 12% to 
14% of the manufacturing cost. However, according to an 
estimation of the Semiconductor Manufacturing Technology 
Consortium (SEMATECH), equipment efficiency of semi 
conductor manufacturers only reaches 40-50%. Therefore, to 
decrease the manufacturing cost by 25-30% each year, the 
overall equipment efficiency should be improved for decreas 
ing the manufacturing cost by 9-15% instead of 3-10%. It can 
be expected that in the near future increasing the overall 
equipment efficiency will play a key role in semiconductor 
fabrication processes. 

To increase the overall equipment efficiency, international 
semiconductor manufacturers and research institutes such as 
AMD, IBM, INTEL, MOTOROLA, OAK, SAMSUNG, TI 
and SEMATECH have made R&D on factory and metrology 
integration system and automation monitoring system, par 
ticularly advanced process control (APC) technique, e.g. U.S. 
Pat. No. 6,836,691 entitled “Method and Apparatus for Fil 
tering Metrology Data Based on Collection Purpose' and 
proposed by AMD. The APC technique mainly comprises 
functions of data collection and data pre-process, fault detec 
tion and classification (FDC) and feedback/feed forward run 
to-run control (R2R), through which unexpected equipment 
stop times can be reduced and real-time fault detection on 
semiconductor tools can be facilitated, thus decreasing occur 
rence of defective products and protecting quality of semi 
conductor components from being affected by drifting of 
features of the semiconductor tools. 
As shown in FIG. 1, a conventional fault detection and 

classification system 1 comprises a computer integrated 
manufacturing (CIM) host 11, a semiconductor tool 13 and a 
facility monitoring control system (FMCS) 14. Therein, both 
the CIM host 11 and the semiconductor tool 13 adopt the 
SEMI equipment communication standard (SECS) set by the 
Semiconductor Equipment and Material International 
(SEMI), while status data received by the facility monitoring 
control system 14 is in conformity with object linking and 
embedded (OLE) or open database connectivity (ODBC). 
Therefore, workers on the CIM host 11 need to master both 
the SECS and the OLE or ODBC at the same time for ana 
lyzing the status data transferred by the semiconductor tool 
13 and the facility monitoring control system 14 So as to 
correctly determine equipment health conditions of the semi 
conductor tool 13 and the facility monitoring control system 
14. 
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Moreover, in the conventional fault detection and classifi 

cation system 1, the CIM host 11 can only passively receive 
status data transferred from the semiconductor tool 13 and the 
facility monitoring control system 14. In other words, the 
semiconductor tool 13 or the facility monitoring system 14 
may be already abnormal before the CIM host. 11 receives 
status data of the semiconductor tool 13 or the facility moni 
toring system 14. Therefore, workers on the fault detection 
and classification system 1 cannot timely maintain the semi 
conductor tool 13 or the facility monitoring control system 
14. Accordingly, semiconductor fabrication processes using 
the conventional fault detection and classification system 1 
can result in a poor product yield. 

SUMMARY OF THE INVENTION 

According to the above drawbacks, an objective of the 
present invention is to provide a fault detection and classifi 
cation (FDC) system in use with a semiconductor fabrication 
process for increasing product yield of the semiconductor 
fabrication process. 

In order to attain the above and other objectives, the present 
invention discloses a real-time fault detection and classifica 
tion system in use with a semiconductor fabrication process 
having a first Sub-fabrication process and a second Sub-fab 
rication process. The real-time fault detection and classifica 
tion system comprises: a semiconductor tool for executing the 
first Sub-fabrication process and generating first status data in 
conformity with the SEMI equipment communication stan 
dard (SECS); a non-semiconductor tool for executing the 
second Sub-fabrication process and generating second status 
data in conformity with a predetermined connectivity stan 
dard different from the SECS; a tool simulator connected 
between the semiconductor tool and the non-semiconductor 
tool for receiving the first status data generated by the semi 
conductor tool and the second status data generated by the 
non-semiconductor tool and transforming the second status 
data into third status data in conformity with the SECS; and a 
computer integrated manufacturing (CIM) host adopting the 
SECS, which is connected with the tool simulator for receiv 
ing the first and third status data and classifying the first and 
third status data according to a predetermined classification 
technique so as to determine equipment health conditions of 
the semiconductor tool as well as the non-semiconductor tool. 

According to another embodiment of the present invention, 
the semiconductor fabrication process comprises a first Sub 
fabrication process, the real-time fault detection and classifi 
cation system comprises: a computer integrated manufactur 
ing (CIM) host adopting the SEMI equipment 
communication standard (SECS), which is used to send a 
SECS control instruction; and a semiconductor tool, which is 
used to execute the first Sub-fabrication process, generate first 
status data in conformity with the SECS, and transfer the first 
status data to the CIM host according to the SECS control 
instruction; wherein, when receiving the first status data, the 
CIM host classifies the first status data according to a prede 
termined classification technique so as to determine equip 
ment health condition of the semiconductor tool. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of a conventional fault detection 
and classification system; and 

FIG. 2 is a block diagram of a real-time fault detection and 
classification system according to a preferred embodiment of 
the present invention; 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The following illustrative embodiments are provided to 
illustrate the disclosure of the present invention, these and 
other advantages and effects can be apparent to those skilled 
in the art after reading the disclosure of this specification. The 
present invention can also be performed or applied by other 
different embodiments. The details of the specification may 
be on the basis of different points and applications, and 
numerous modifications and variations can be made without 
departing from the spirit of the present invention. 

FIG. 2 is a block diagram of a real-time fault detection and 
classification system 2 in use with a semiconductor fabrica 
tion process according to a preferred embodiment the present 
invention, wherein the semiconductor fabrication process 
comprises a first Sub-fabrication process and a second Sub 
fabrication process. The real-time fault detection and classi 
fication system 2 comprises a computer integrated manufac 
turing (CIM) host 21, a semiconductor tool 23, a facility 
monitoring control system (FMCS) 24, and a tool simulator 
22 connected between the CIM host 21 and the semiconduc 
tor tool 23 as well as the facility monitoring control system 
24. 
The CIM host 21 adopts the SEMI equipment communi 

cation standard (SECS). The semiconductor tool 23 is used to 
execute the first Sub-fabrication process and generate first 
status data in conformity with the SECS. The facility moni 
toring control system 24 is used to execute the second Sub 
fabrication process and generate second status data in con 
formity with a predetermined connectivity standard Such as 
object linking and embedded (OLE) and open database con 
nectivity (ODBC). As the FMCS 24 is in conformity with a 
predetermined connectivity standard different from the SECS 
conformed by the semiconductor tool 23, the facility moni 
toring control system 24 can be thought as a non-semicon 
ductor tool different from any semiconductor tools. The tool 
simulator 22 receives the first status data generated by the 
semiconductor tool 23 and the second status data generated 
by the facility monitoring control system 24, transforms the 
second status data in conformity with the predetermined con 
nectivity standard into third status data in conformity with the 
SECS, and transfers the first and third status data to the CIM 
host 21. When receiving the first and third status data, the 
CIM host 21 classifies the first and third status data according 
to a predetermined classification technique So as to determine 
equipment health conditions of the semiconductor tool 23 and 
the facility monitoring control system 24. As the tool simu 
lator 22 can transform the second status data that is not con 
formed with the SECS into the third status data in conformity 
with the SECS, workers on the CIM host 21 only need to 
master the SECS without the need of learning additional 
connectivity standards so as to correctly determine equip 
ment health conditions of the semiconductor tool 23 and the 
facility monitoring control system 24 according to the first 
and third status data in conformity with the SECS. That is, due 
to the tool simulator 22 of the real-time fault detection and 
classification system 2, a non-semiconductor tool such as the 
facility monitoring control system 24 that is not conformed 
with the SECS can be simulated as a semiconductor tool in 
conformity with the SECS by the CIM host 21. 

According to a preferred embodiment, the predetermined 
classification technique is a statistical process control (SPC) 
technique. In addition, although the real-time fault detection 
and classification system 2 of the present embodiment com 
prises a semiconductor tool 23 and a non-semiconductor tool 
(facility monitoring control system 24), it is not limited 
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4 
thereto. In other embodiments, the real-time fault detection 
and classification system 2 can comprise a plurality of semi 
conductor tools and a plurality of non-semiconductor tools, 
wherein the non-semiconductor tools can further comprise 
mechanical computer-aided design (MCAD). Accordingly, 
the predetermined connectivity standard can be web service 
description language (WSDL). The tool simulator 22 can 
transform the second status material in conformity with the 
WSDL into third status data in conformity with the SECS 
such that workers on the CIM host 21 can analyze the third 
status data even if they do not understand the WSDL and 
thereby correctly determine equipment health conditions of 
the non-semiconductor tools. 

According to a preferred embodiment, the semiconductor 
tool 23 and the facility monitoring control system 24 periodi 
cally send the first and second status data to the tool simulator 
22. In other words, the CIM host 21 can passively receive the 
first and third status data from the tool simulator 22. Alterna 
tively, the CIM host 21 can actively obtain the first and third 
status data. In particular, the CIM host 21 sends a SECS 
control instruction to the tool simulator 22 and the tool simu 
lator 22 further transfers the SECS control instruction to the 
semiconductor tool 23. After receiving the SECS control 
instruction, the semiconductor tool 23 sends the first status 
data to the CIM host 21 through the tool simulator 22. Thus, 
the CIM host 21 can obtain the first status data generated by 
the semiconductor tool 23 at any time for further determining 
equipment health condition of the semiconductor tool 23. 
Further, after receiving the SECS control instruction, the tool 
simulator 22 can transform the SECS control instruction into 
a non-SECS control instruction in conformity with OLE/ 
ODBC (the predetermined connectivity standard) and then 
transfer the non-SECS control instruction to the facility 
monitoring control system 24. When receiving the non-SECS 
control instruction, the facility monitoring control system 24 
sends second status data to the tool simulator 22. The tool 
simulator 22 then transforms the second status data into third 
status data and transfers the third status data to the CIM host 
21. As a result, the CIM host 21 can determine equipment 
health condition of the facility monitoring control system 24 
at any time. 
The real-time fault detection and classification system 2 of 

the present invention can further comprise a user interface 24, 
and the facility monitoring control system 24 can comprise a 
plurality of control options, wherein each control option is 
used to control parameter settings Such as temperature, 
humidity, acid/alkali offering. Workers on the facility moni 
toring control system 24 can select part of the control options 
through the user interface 25 for generating second status 
data. In other words, workers can keep parameters of the 
remaining control options from being known by the CIM host 
21. 

Although the SECS is a connectivity standard between the 
CIM host 21 and the semiconductor tool 23, it is not certain 
that the semiconductor tool 23 will utilize the whole SECS. 
Thus, in order to save R&D expenses, all control options of 
the facility monitoring control system 24 are conformed with 
the generic equipment model (GEM) specification provided 
by the Global Information & Control Committee in 1992, and 
the SECS control instruction sent by the CIM host 21 is 
conformed with the GEM specification. In other words, the 
facility monitoring control system 24 comprises functions 
Such as connection establishment, remote control, process 
program management, material transportation and time pro 
vision. 
Compared with the prior art, since the real-time fault detec 

tion and classification system 2 of the present invention has a 
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tool simulator 22, the status data such as the first and third 
status data received by workers on the CIM host 21 is con 
formed with the SECS. In other words, workers on the CIM 
host 21 only need to master the SECS for determining equip 
ment health conditions of the semiconductor tools and non 
semiconductor tools of the real-time fault detection and clas 
sification system 2. Further, the CIM host 21 not only can 
passively receive the status data from the semiconductor tool 
23 and the facility monitoring control system 24 periodically 
but also can actively and timely obtain the status data by 
sending a SECS control instruction. Furthermore, as all con 
trol options of the facility monitoring control system 24 are 
conformed with the GEM specification and all SECS control 
instructions sent by the CIM host 21 are conformed with the 
GEM specification, the R&D expenses of the tool simulator 
22 are rather lower. 
The above-described descriptions of the detailed embodi 

ments are only to illustrate the preferred implementation 
according to the present invention, and it is not to limit the 
Scope of the present invention, Accordingly, all modifications 
and variations completed by those with ordinary skill in the 
art should fall within the scope of present invention defined by 
the appended claims. 
What is claimed is: 
1. A real-time fault detection and classification (FDC) sys 

tem in use with a semiconductor fabrication process compris 
ing a first Sub-fabrication process, the real-time fault detec 
tion and classification system comprising: 

a computer integrated manufacturing (CIM) host adopting 
the SEMI equipment communication standard (SECS), 
which is used to send a SECS control instruction; 

a semiconductor tool, which is used to execute the first 
Sub-fabrication process, generate first status data in con 
formity with the SECS, and transfer the first status data 
to the CIM host according to the SECS control instruc 
tion; 

a non-semiconductor tool, which is used to execute the 
second Sub-fabrication process and according to a non 
SECS control instruction transformed from the SECS 
control instruction and being in conformity with a pre 
determined connectivity standard different from the 
SECS, generate second status data in conformity with 
the predetermined connectivity standard; 

a tool simulator connected between the CIM host and the 
semiconductor tool as well as the non-semiconductor 
tool, which is used to transfer the SECS control instruc 
tion of the CIM host to the semiconductor tool, trans 
form the SECS control instruction to a non-SECS con 
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trol instruction and send the non-SECS control 
instruction to the non-semiconductor tool, receive the 
first status data generated by the semiconductor tool and 
the second status data generated by the non-semicon 
ductor tool, transform the second status data into third 
status data in conformity with the SECS, and transfer the 
first and third status data to the CIM host; 

wherein, after receiving the first and third status data, the 
CIM host classifies the first and third status data accord 
ing to a predetermined classification technique so as to 
determine equipment health condition of the semicon 
ductor tool and the non-semiconductor tool. 

2. The system of claim 1, wherein the semiconductor tool 
periodically sends first status data to the CIM host through the 
tool simulator. 

3. The system of claim 1, wherein the semiconductor tool 
comprises a plurality of control options in conformity with 
the generic equipment model (GEM) specification, each con 
trol option is used to generate the first status data, and the 
SECS control instruction sent by the CIM host is in confor 
mity with the GEM specification. 

4. The system of claim 1, wherein the non-semiconductor 
tool is a facility monitoring control system (FMCS) compris 
ing functions of connection establishment, remote control, 
process program control and time provision. 

5. The system of claim 1, wherein the non-semiconductor 
tool is mechanical computer-aided design (MCAD), and the 
predetermined connectivity standard is web service descrip 
tion language (WSDL). 

6. The system of claim 1, wherein the non-semiconductor 
tool is a facility monitoring control system (FMCS), and the 
predetermined connectivity standard is one of object linking 
and embedded (OLE) and open database connectivity 
(ODBC). 

7. The system of claim 6 further comprising a user inter 
face, wherein, the facility monitoring control system com 
prises a plurality of control options and the user interface is 
used to select part of the control options for generating second 
status data. 

8. The system of claim 7, wherein each of the control 
options is used to control parameter settings of temperature, 
humidity, acid and alkali offering in a semiconductor factory 
where the facility monitoring control system is located. 

9. The system of claim 1, wherein the predetermined clas 
sification technique is a statistical process control (SPC) tech 
n1due. 


